The present survey was carried out in the framework of MEDPOL Phase III (2004 -2006), aiming to provide recent information for the long-term monitoring of pollution trends in selected susceptible marine environments along the Mediterranean coastline. Information was collected from a network of four stations spaced out along the eastern coast of the Island of Lesvos, Greece, including a high risk station near the harbour of the city of Mytilini. Pollutants in abiotic components of the marine environment (seawater, sediment) as well as in selected marine organisms (M. barbatus and B. boops) were measured. It was found that there is no evidence of substantial pollution of the marine environment (seawater, sediment and fish) with respect to the pollutants measured. However, it was shown that although the uncontrolled discharge of untreated effluents has been reduced since the beginning of the operation of the Mytilini sewage treatment plant in 2001, sediments near the harbour of the city still carry increased loads of metals of anthropogenic origin. Furthermore, the small quantity of untreated sewerage that still flows out in the harbour of the city seems to affect water quality, since a higher mesotrophic character with eutrophic trends was observed in the area.
INTRODUCTION
Eastern Mediterranean and the Hellenic seas in particular, are recognized among the most oligotrophic areas in the world (Ignatiades et al., 2002) . Despite of this characteristic, eutrophication phenomena and pollution problems are frequently encountered in coastal waters of the Aegean and the Ionian Seas, mainly due to by-products of anthropogenic activities in the watershed, including urban, industrial effluents and agricultural runoff (Scoullos, 1979; Angelidis et al.,1980; Voutsinou-Taliadouri, 1982; Varnavas et al., 1984; Boboti et al., 1985; Angelidis and Grimanis, 1989; Pagou and Ignatiades, 1990 ; Dassenakis et al.,1996 Arhonditsis et al., 2003) . Trying to compromise between the needs for economic growth and conservation of the environment, integrated coastal management schemes have to be developed, based both on the scientific knowledge of the natural environment and the social and economic priorities. The assessment of coastal water quality has been based on a large number of methods differing in (a) the selection of variables, (b) the parametric or non-parametric character of the statistical method applied, (c) the method of data preprocessing and (d) the univariate or multivariate statistical approach (Karydis, 2001) . A number of these methodologies has been already applied on coastal areas of the Aegean, aiming at the assessment of quality of the seawater, in local (Karydis, 1992; Friligos et al., 1994; Karydis and Tsirtsis, 1996) or regional (Tsirtsis and Karydis, 1998b; scales. Furthermore, sediments are also regularly used in surveys for the presence and/or accumulation of pollutants, either toxic metals or persistent organic compounds, in the marine environment since (a) they act as a sink of anthropogenic contamination, (b) they contain a historical record of physicochemical conditions and contamination, (c) their physicochemical environment allows particle-bound constituents to be transformed into potentially more toxic forms and (d) under changing environmental conditions they can release their contaminant loads back to the water column (Horowitz, 1991) . In addition to abiotic environmental compartments, living organisms are often included in monitoring schemes in order to provide assurance of the quality of marine foodstuffs with respect to human health, as well as with an evaluation of trends over time in pollutant levels, especially in relation to the efficiency of control measures (FAO/UNEP, 1994). In any case, the efficiency of the various approaches to reveal spatial or temporal trends seems to be related to the availability and quality of field data. Moreover, the development and application of integrated coastal management schemes impose the need for the collection of long-term monitoring data from the natural environment to be combined and compared with observed long-term trends of the socioeconomic environment of coastal areas. MEDPOL, the environmental assessment component of the Mediterranean Action Plan, currently in Phase III (2004 -2006) , is a programme aiming to the long-term monitoring of pollution trends in selected susceptible marine environments along the Mediterranean coastline. A part of this programme is carried out in hellenic coastal waters including the Strait of Mytilini, the coastal area between the island of Lesvos, Greece and Asia Minor. In the present work recent information collected at the Strait of Mytilini is presented, related to the concentration of pollutants in abiotic components of the marine environment (seawater, sediment) as well as in selected marine organisms (M. barbatus and B. boops). A preliminary assessment of the quality of the marine costal environment is also attempted.
MATERIALS AND METHODS
Information was collected from a network of four stations, including a high risk station near the port of Mytilini (GRE51) influenced by untreated sewage effluents (Karadanelli et al., 1992; Tsirtsis and Karydis, 1998) and three reference stations (GRE52 -GRE54), spaced out along the eastern coastal area of the Island of Lesvos ( Figure 1 ). Two sampling cruises were carried out in July and October 2004. Seawater samples were analysed for nutrients and chlorophylla, whereas polyaromatic hydrocarbons were only measured in samples collected from the high risk station (GRE51). Basic geochemical parameters as granulometric composition, content in organic carbon, calcium carbonate and Fe, metals (Cd, Cr, Cu, Hg, Mn, Pb and Zn), polyaromatic and halogenated hydrocarbons were determined in sediment samples. Metals, polyaromatic and halogenated hydrocarbons were also measured in one pooled sample (of 10 individuals) of flesh for each fish species. Phosphate, nitrate, nitrite and silicate analyses were carried out spectrophotometrically according to Parsοns et al. (1984) and ammonia by the method proposed by Liddicοat et al. (1974) . Chlorophyll-a was extracted in 90% acetone and measured fluorometrically (Neveux and Panouse, 1987) . Sediment analyses for basic geochemical parameters and metal contents were performed according to the methods described by Loring and Rantala (1992) , whereas the fish flesh samples were analysed for metal concentrations after digestion with a mixture of HNO 3 /H 2 O 2 in tightly closed Teflon tubes and subsequent heating on a hot plate. Metal concentrations in both sediment and biota samples were measured in a Perkin Elmer 5100 ZL Atomic Absorption Spectrometer, equipped with a Zeeman background corrector. The choice of the appropriate technique, either Flame or Electrothermal (Graphite Furnace) AAS, was made according to the metal levels. Quality control of the analytical methods used in metal determinations was performed by analysis of the Certified Reference Materials BCSS-1, marine sediment, certified by NRCC and CRM 278, mussel tissue, certified by BCR (Table 1) . Halogenated hydrocarbons were extracted with hexane from sediment and fish flesh samples.
The extraction was carried out in an ultrasonic bath, while sodium sulphate was added to the samples to enhance extraction efficiency and to remove the residual moisture of the samples. The procedure was repeated twice. The extracts were separated by centrifugation, pooled and condensed to a small volume. The determination of halogenated hydrocarbons was made by Gas Chrοmatοgraphy, in a Hewlett Packard 5890 Series II gas chromatograph equipped with an Electrοn Capture Detectοr (ECD). The determination of polyaromatic hydrocarbons in seawater, sediment and fish flesh samples was made by extraction with appropriate solvents and measurement by GC/MS, according to the method proposed by Nikolaou et al. (2004) with some modifications. Seawater sample pretreatment included the sequential extraction (in presence of Na 2 SO 4 ) by CH 2 Cl 2 and C 5 H 12 , condensation of the pooled extracts to dryness in an ultrasonic bath, and recovery of the residue by CH 2 Cl 2 . A similar procedure was used for the pretreatment of the solid substrates, apart from using a mixture of CH 3 OH/CH 2 Cl 2 in the first step of the extraction process. The analysis of the extracts was carried out in a Hewlett Packard 5890 Series II gas chromatograph connected to a Hewlett Packard HP5971 MSD mass spectrometer. 
RESULTS AND DISCUSSION

Seawater analyses
Higher concentrations of nutrients were measured at the high risk station during summer except of nitrate and silicate, whereas no specific trend was detected during autumn (Table  2) . Table 2 ). According to available data for Greek coastal areas (Gotsis-Skretas and Ignatiades, 2005) and an existing eutrophication scale proposed by Karydis (2001) , the waters along the eastern coast of Lesvos can be characterised as oligotrophic or lower mesotrophic, except of Station GRE51 near the harbour of Mytilini which is higher mesotrophic with eutrophic trends. Polyaromatic hydrocarbons were not detected in seawater samples from the port of Mytilini, with the exception of Fluοranthene in summer, at a concentration of 0.016 µg l -1 and Benzο-apyrene in autumn, at a concentration of 0.10 µg l -1 .
Sediments
Geochemical parameters
The granulometric composition and the % content in organic carbon, calcium carbonate and Fe of sediments from the eastern coast of Lesvos, in 2004 are shown in Table 3 . Sediments from reference stations (GRE52-GRE54) are generally sandy, whereas the 'hot spot' station GRE51 near the harbour of Mytilini has a fine-grained textural structure. The only high proportion of coarser fraction (gravel) was found at station GRE52 at cape Agrilios (south end of the eastern coast). Macroscopic examination of the sediment showed that this fraction consists largely of shell fragments, an observation that justifies the high content of carbonate also found in the same sediment. Carbonate comprises about 30% of the sediment in all the other stations, a value that is in agreement with the findings of previous extensive surveys of sediments in the wider area of the eastern coast of Lesvos. Similar carbonate content was found in sediments from other coastal areas in Greece (Voutsinou-Taliadouri, 1984; Angelidis and Grimanis, 1989). The highest percentage in organic carbon content was measured near the harbour of Mytilini, where untreated sewerage was discharged for decades. A sewage treatment plant was constructed and started to operate in 2001, so today most of the sewerage of the city of Mytilini is treated. However, a small quantity of untreated sewage is still flowing out in the harbour in the vicinity of station GRE51. The organic carbon contents measured at the reference stations (GRE52-GRE54) were generally typical of coastal sediments (Horowitz, 1991) . Iron concentrations were around 2%, except of station GRE52 where a lower value (1.42%) was measured. This lower concentration may be related to the high carbonate content of the sediment at this station. Calcium carbonate, according to the literature, is a substrate geochemically depleted in metals acting as a 'diluant' of metal concentrations in sediments (Horowitz, 1991 ).
Metals, polyaromatic and halogenated hydrocarbons
Metal, polyaromatic and halogenated hydrocarbons concentrations measured in sediment samples from the 'hot spot' station and the reference stations along the eastern coast of Lesvos in 2004 are shown in Table 4 . * <value: below the limit of detection (value = limit of detection) ** for the calculation of total PAHs, half of the limit of detection was used as an estimate of concentration of non-detected compounds Metal concentrations are lower compared to values from polluted areas in other parts of Greece. In general, metal levels are similar to concentrations reported for other areas in the eastern and central Aegean Sea and in closed sea-water bodies in Greece with no significant metal contamination (see Table 5 for comparison). The highest concentrations of all metals except Mn were measured at station GRE51, near the harbour of Mytilini. Higher levels of metals at this station are to be expected on the grounds of the almost double silt and clay content of the sediment at this station, compared to the other stations. This fine-grained fraction is the main carrier of metals in sediments Horowitz, 1991) . Ιn order to assess whether the observed high metal concentrations represent contamination of sediments, investigation of the relationships among concentrations of different metals and Fe (normalisation) was performed (Loring, 1991) . This statistical procedure aims at the expression of the data on a uniform basis, after mathematically eliminating specific factors that is well known to cause variability, such as grain size distribution, carbonate content, organic carbon content, or mineralogy, the latter by the means of a conservative element. Geochemical normalization to a conservative element has the advantage of compensating simultaneously both for grain size and mineralogical variability. In the present study, the linear regression models used for the normalisation of metal concentrations to Fe were developed using data for the study area from previous surveys (Aloupi and Angelidis, 2001a) . Then, present data were projected on the regression plots. All points within the 95% confidence band of the model were considered as representing natural sediments, whereas points above this area were characterized as representing contaminated sediments (Loring,1990; Loring and Rantala, 1992) . Normalisation of Hg values was not feasible, because of lack of previous data for the metal.
Normalisation to Fe revealed a pronounced contamination of the sediment at station GRE51 in Cd, Cu, Zn (Figure 2 ). All these are metals mainly originating from human-related sources. The contamination of the sediment at station GRE51 with anthropogenic metals, also recorded in previous surveys, may be attributed to the long-lasting discharge of untreated domestic effluents to the adjacent sea . The present survey shows that although the uncontrolled discharge of effluents has been reduced since the beginning of the operation of the treatment plant some years ago, sediments still carry increased loads of anthopogenic metals, although not at such a high level to consider the area as seriously polluted.
On the other hand, no anthropogenic influence was detected for Cr and Pb in the studied samples (Figure 3) , although both metals are also associated with human activities. In the case of Cr, this finding is in accordance with previous studies (Aloupi and Angelidis, 2001a) , where only a minor contamination was observed in the sediment of the restricted area of the harbour of Mytilini. On the contrary, Pb was found in noticeably enhanced concentrations in the past, in both surface and deeper sediments of Mytilini's harbour (Aloupi and Angelidis, 2001a,b) . This contamination had been attributed to the extended use of leaded gasoline by vehicles in previous years, because of the lack of other sources of lead in the area. Therefore, the reduction of the Pb pollution levels may be associated with the restriction in the use of leaded gasoline for transportation, an assumption that needs to be confirmed in future studies. The concentrations of the polyaromatic hydrocarbons measured in the present survey are low compared to values already found in heavily contaminated areas as Elefsis Bay (Sklivagou et al., 2001) and French Riviera (Baumard et al., 1998) . The highest concentrations of the polyaromatic hydrocarbons measured in the present survey were found in the sediment near the harbour of Mytilini. A trend of decreasing values was observed in the reference stations, in the order GRE53>GRE52>GRE54. It seems that the relatively higher contamination of sediments with polyaromatic hydrocarbons is low near Mytilini, gradually decreasing southwards, whereas no contamination was found at the Thermi bay (Station GRE54), in to the north of Mytilini. Among the determined PAHs, Benzο-b-fluοranthene showed the highest concentrations at all stations, followed by Benzο-a-pyrene. Finally, the concentrations of the halogenated hydrocarbons determined in the sediments from the eastern coast of Lesvos were all found below the detection limit.
Biota
Metal concentrations in the fish flesh ( in the same area show that either abiotic factors, such as seawater and sediment, or biotic factors, including trophic level or size, determine the uptake and accumulation of Hg. It was concluded in the same study, that benthic species have higher Hg concentrations in their flesh than pelagic, assigning this finding to the importance of the sediment in the metal's biogeochemical cycle. This latter conclusion is also confirmed in the present study. 2005) . Concentrations expressed in wet weight were previously converted to dry weight for comparison, by assuming an average water content of 80%, determined in the present study. The metal concentrations measured in both fish species in the present study have shown great variability, however they were very low compared to already reported values from other coastal areas in Greece or in the Mediterranean.
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CONCLUSIONS
According to the recent information collected along the eastern coastal area of Lesvos in the framework of the monitoring programme MEDPOL III, it seems that there is no evidence of substantial pollution of the marine environment (seawater, sediment and fish) with respect to the pollutants measured. However, it was shown that although the uncontrolled discharge of untreated effluents has been reduced since the beginning of the operation of the treatment plant in 2001, sediments near the harbour of Mytilini still carry increased loads of anthropogenic metals, though not at such a high level to consider the area as seriously polluted. The small quantity of untreated sewerage that still flows out in the harbour also seems to affect water quality, since a higher mesotrophic character with eutrophic trends was observed in the area.
